An experiment with 400 one-day-old male chicks (Ross) was conducted to evaluate the effects of different Na levels (0.10, 0.22, 0.34 and 0.46%) and different cation/anion balances (Na+K-Cl) (100, 150, 200, 250 and 300 meq/kg) in pre-starter diets on broiler performance. The corn and soybean-based diets had 22% crude protein and 2,900 kcal/kg metabolizable energy and were fed ad libitum. Performance data showed a positive quadratic effect of increasing Na levels on feed and water consumption, weight gain and feed conversion. Na+K-Cl also had a quadratic influence on feed intake and weight gain. None of the effects tested affected the amount of water measured in excreta. Derivatives of obtained regression equations pointed to optimal Na levels of 0.45% for water consumption, 0.40% for feed intake and weight gain and 0.38% for feed conversion. As to the effect of dietary Na+K-Cl balances on performance, regression equation values were 174 meq/kg for feed consumption and 163 meq/kg for weight gain. These results show that both Na level and Na+K-Cl balance interfere on broiler performance.
INTRODUCTION
Many researchers and nutritionists have recommended the use of a differential diet for broilers during the first week of life. The adoption of this specific diet is justified by the fact that chicks have very distinct nutritional needs during this stage, possibly due to differences of the digestive tract. Many studies emphasize that the digestive processes are not fully developed soon after hatching (Austic, 1985 , Moran 1985 .
Newly hatched chicks grow fast and require high environmental temperature during the first week of life (Penz & Vieira, 1997) . Sodium (Na), as well as chlorine (Cl) and potassium (K), are essential elements in order to maintain the osmotic pressure and acid-base balance within normal values. It is suggested that the variation in the acid-base balance changes pH values, carbon dioxide concentration and base levels in the blood. Therefore, dietary concentrations of electrolytes have an important, despite indirect, effect on feed intake and growth of chicks during the first days of life. Information on adequate levels of Na and balance among the electrolytes (Na+K-Cl), as recommended by Mongin & Sauveur (1977) for diets during the first week of life, are still few or incomplete. The last edition of the National Research Council increased Na level from 0.15% (NRC, 1984) to 0.20% (NRC, 1994) for the first weeks of age.
This study was performed to identify the effects of different Na levels and different Na, K and Cl (Na+K-Cl) balances in broiler feeds during the first week of age. 
MATERIAL AND METHODS
The experiment was carried out with 400 one-dayold male Ross chicks. The birds were housed in an environmentally controlled room and distributed in 4 batteries divided into 10 compartments each, measuring 0.8 x 1.0 x 0.2 m. Each compartment was equipped with a feeder and a drinker. Feed and water were supplied ad libitum. Therefore, 40 experimental units with 10 birds each were used. Birds received 24 hours of daily light during the experimental period.
Experimental diets (fed from 1 to 7 days of age) were isocaloric and isoproteic (2,900 kcal ME/kg and 22% CP), as shown in Table 1 . Treatments consisted of 4 Na levels and 5 Na+K-Cl balances, corresponding in 20 treatments with two replicates each, as presented in Table 2 . In order to obtain different Na levels and different Na+K-Cl balances, the basal diet left a space of 1.9 % out of 100% to add different amounts of NaCl, CaCl, NaHCO 3 and KHCO 3 . 22.00 ME (kcal/kg) 2,900 Ca (%)
1.00 Available P (%) 0.45 Lysine (%) 1.10 Methionine + cystine (%) 0.90 Choline (mg/g) 1,500 Average Geometric Diameter (mm) 489 1 -Provides per kg of diet: vitamin A (11,000 IU); vitamin D3 (2,250 IU); vitamin E (9 IU); vitamin K3 (1.8 mg); vitamin B12 (0.02 mg); thiamin (1.1 mg); riboflavin (9 mg); pyridoxine (1.8 mg); biotin (0.1 mg); choline (680 mg); pantothenic acid (9 mg); niacin (35 mg); folic acid (1 mg). 2 -Provides per kg of diet: selenium (0.18 mg); iodine (1.2 mg); iron (70 mg); copper (10 mg); zinc (60 mg); manganese (70 mg).
From the 8 th to the 21 st day of age, all birds received the same basal diet, containing 3,000 kcal ME/kg, 21% CP and 0.20% Na (Table 3) .
Feed intake (FI), weight gain (WG) and feed conversion (FC) were measured when birds were seven and 21 days old. Water consumption (WC) was also determined.
At seven days of age, excreta humidity was determined (excreta was collected twice a day, within a 12 h interval in order to avoid moisture loss due to evaporation). Excreta was frozen (-10 o C), subsequently dried in an oven at 60 o C for 72 hours and then dried in an oven at 105 o C for 12h, in order to determine dry matter content.
A completely randomized experiment with response surface experimental design was used. Data were submitted to multiple regression analysis, and only the parameters which were significant at the F-test were maintained in the model. An analysis of correlation between WC and FI, FI and WG, and FI and FC was performed.
RESULTS AND DISCUSSION
From 1 to 7 days of age, quadratic effects of Na levels and Na+K-Cl balances were observed for FI and WG, whereas for WC and FC a quadratic effect was observed only for Na levels (Tables 4 and 5 ). No significant effect of the tested treatments on excreta humidity was found (Table 6 ). The obtained regression equations suggested for maximum responses dietary Na levels of 0.45% for WC, 0.40% for FI and WG, and 0.38% for FC. The values calculated by regression analysis (Table 5) showed that the Na levels that promoted the best results during the period of 1 to 7 days of age were higher than the ones recommended by the NRC (1984 and 1994), and similar to the level suggested by Britton (1992) . Sklan & Noy (2000) demonstrated that Na has a very important role in feed intake just after hatching, and also in secretion and activity of some digestive enzymes. A high correlation between WC and FI (R=0.77) was observed. FI was also correlated to WG (R=0.82), as well as to FC (R= 0.90). The highest Na level resulted in the highest WC. The increase in WC is often associated to high excreta humidity, which may affect broiler performance. However, results showed ( Table 6 ) that Na levels did not interfere in water excretion up to seven days of age. As to the effect of dietary Na+K-Cl balance on performance, the values obtained in the regression equations were 174 meq/kg for FI and 163 meq/kg for WG (Tables 4 and 5) . These values are different from those suggested by Mongin & Sauveur (1977) , who recommended the value of 250 meq/kg as the most adequate for broilers. However, it must be noted that these authors did not mention differences among ages. Therefore, this variation may be explained by the large differences in the processes of digestion and absorption seen in broilers during the first week of age, as compared to older broilers. Na and K are involved in the process of absorption of some nutrients, such as glucose (Larbier & Leclercq, 1992) , and this may affect maintenance requirement. Moreover, taking into consideration the definition of treatments, it is possible that Cl levels in treatments with high Na+K-Cl were marginally deficient, interfering with performance. The application of specific balances between ions (Na and Cl) in poultry diet formulation may benefit broiler performance as compare to the use of a single NaCl level in the diet (Murakami et al., 1997) . Thus, further studies are needed to determine the influence of different balances between these ions in the diet of broilers during the first stage of development. From 8 to 21 days of age, all broilers were fed the same basal diet to verify if the effects observed during the pre-starter period (1 to 7 days of age) were maintained. For Na levels, the results found from 1 to 7 days of age maintained the same trend at 21 days of age. This shows the importance of the correct nutrient balance in poultry diets during the first week of life, particularly for broilers, as this period represent a large proportion of their lifespan. For the period of 1 to 21 days of age, a quadratic effect of Na levels on WG and FC was observed, as shown in Table 7 .
CONCLUSIONS
The results indicate that approximate values of 0.40% total Na in pre-starter feeds (1 to 7 days of age) increase FI, WC, WG, and improve FC.
Na+K-Cl balance influence broiler performance. However, further studies on this balance and its correlation with the absorption of some nutrients are needed.
Until 7 days of age, neither Na level nor electrolyte balance influence excreta humidity.
The results obtained at the first week of life tend to continue for the next 14 days of age. 
